Obesity and absence of physical exercise are global problems that affect concentration and sperm quality in the male reproductive system. The purpose of this study was to examine the effect of obesity and resistance training, considered separately or in association, on testicular function and reproductive capacity. Twenty pubertal male Wistar rats were distributed into four groups: control (C) and exercise (E) groups that received standard rat chow; and obese (O) and obese with exercise (OE) groups that received a high-fat diet. All the groups received filtered water during the experimental conditions. Groups E and OE were submitted to 8 weeks of high-intensity intermittent training. Afterwards, testes were collected for sperm count, spermatogenic kinetics, histopathology, morphometry and immunodetection of androgen receptors (AR). The vas deferens was collected for sperm morphology. The results showed that obesity increased body weight, nasoanal length, liver and epididymal fat weight, abnormal spermatozoa and immunodetectable AR. Intermittent exercise decreased daily sperm production (DSP), sperm count and normal spermatozoa, whereas the number of tubules with immunodetectable AR increased. The combination of obesity and intermittent training led to reduced sperm count and DSP, although abnormal spermatozoa and the number of tubules with immunodetectable AR increased. Thus, in conclusion, both obesity and resistance training impaired testicular function during puberty in rats; and this type of exercise has also been shown to be detrimental to testicular physiology.
According to the World Health Organization, physical inactivity ranks fourth among the leading risk factors for overall mortality, accounting for 6% of deaths worldwide, whereas overweight and obesity account for 5%. 4 The prevalence of global obesity is increasing in all countries, having doubled between 1980 and 2014. The problem seems to increase more rapidly in children and adults, but the health consequences are bound to become more apparent in the future. 5 With regard to reproductive function, overweight or obese men show more abnormalities of their seminal parameters and greater risk of infertility. 6, 7 Experimental data have
shown that rats at PNDs 2, 4, 6, 8 and 10, submitted to the induction of obesity by subcutaneous injection of monosodium glutamate (4.0 mg/g of body weight), have a lower sperm count and daily sperm production (DSP). 8 Similarly, rats (5-6 weeks) in the obese group of a study, exposed to a high-fat diet for 15, 30 or 45 weeks, had a lower percentage of mobile spermatozoa, but there was no significant change in the sperm count or sperm morphology. 9 Thus, different models used to induce experimental obesity have all proven that obesity negatively influences the male reproductive system. Several modalities of exercises such as aerobic and anaerobic physical training, practised moderately or intensely, have been used to reduce weight and increase the life quality of men. 10, 11 The physical activity is critical to achieving energy balance and weight control. 4 However, there has been very little study of the effects of physical exercise on the sperm parameters of rats. A previous study from our research group 12 using resistance exercise with water jumping showed an increase in abnormal seminiferous tubules and an initial weight gain, although testosterone levels and immunodetection of the androgen receptor (AR) and of caspase-3 were similar to those of the control group in UChB rats. Therefore, given the absence of studies using obesity and resistance training protocols to evaluate testicular morphophysiology from puberty and going through the final stage of sexual maturation, the authors have proposed this study to evaluate the effect of obesity and physical resistance training, considered separately or combined, on the testicular and sperm morphology of male rats.
| MATERIAL AND METHODS

| Animals
Pubertal male Wistar rats (n = 20) at 60 days of age (PND 60) and weighing about 200 g were supplied by the animal facility of the School of Science and Technology, State University of São Paulo (FCT-UNESP), Presidente Prudente Campus, and kept under conditions recommended by the Experimental Laboratory of Physical Activity. Temperature (AE23°C) and lighting conditions were controlled (12L, 12D photoperiod, lights switched off at 7:00 PM).
| Ethical approval
The experimental procedures complied with the Ethical Principles of Animal Research, adopted by the Brazilian College of Animal Experimentation, and were approved by the Ethics Committee on Animal Research of UNESPPresidente Prudente Campus (Protocol 02/2015).
| Experimental design
The animals were randomly assigned to four groups: control (C; n = 5), obese (O; n = 5), exercise (E; n = 5) and obese with exercise (OE; n = 5). Groups C and E received rat chow (Supra Lab-Alisul Ind. Alimentos LTDA, São Leopoldo, RS), composed of 25% carbohydrates, 18% fibre, 11% minerals, 3% lipids, 2% calcium and 0.5% phosphorus, and filtered tap water ad libitum. Groups O and OE received a high-fat diet (composed of 28% carbohydrates, 13% proteins and 59% lipids) processed with the standard rat chow, according to Panveloski-Costa et al, 13 consisting of bacon, mortadella, sausage, biscuit, soda and rat chow. The body weight of the animals was recorded weekly. After 8 experimental weeks, the animals were anaesthetized with a combination of ketamine (Quetamina â , Louveira, Brazil) and xylazine (Anasedan â , Pauline, Brazil), and euthanized after no corneal reflex. The testis, liver and epididymal adipose tissue were removed, and their absolute weights were determined. The testis was used for sperm count (n = 4-5/group), histopathological analysis (n = 4-5/group) and immunodetection of AR (n = 4-5/ group). The sperm from the vas deferens was submitted to morphological analysis (n = 4-5/group).
| Training programme
The protocol consisted of progressive training using the weightlifting exercise model. The squat-jump movement was tested and validated as an inducer of hypertrophy in animals, 14 adapted by Panveloski-Costa et al. 15 The apparatus for performing the movement was designed so that the animal was immobilized on a metallic platform and wore an adapted vest attached to its thorax. An electric stimulus was applied using a metallic clip that involved the rat's tail tip connected to an electrical stimulator (Model DUALPEX 961; Quark â ), calibrated by INMETRO (National Institute of Metrology, Standardization and Industrial Quality). 16 The stimulus made the rat jump (complete knee and ankle flex extension movement of the paw, knee and ankle) and simultaneously lift a load positioned on the back of its vest. The parameters were as follows: frequency 1 Hz, duration of 3 s with a 2-s interval between each of the electric stimulations, and the intensity (3-6 mA) was adjusted to stimulate the animal into performing the movement. These parameters were adopted because they were bidirectional pulses of null means, and presented no electrolytic effects, thus allowing long-duration applications with no risk of tissue injury. 14 
| Exercise experimental outline
The animals from Groups E and OE performed resistance training at PND 60. The training protocol included 3 series and 12 repetitions, 3 times a week, for 8 weeks. Three training sessions were performed in the first week without adding a load: 1, 2 and 3 series of 2 repetitions from the first to the third day respectively. In the third and fourth weeks, an equivalent load of 50% of body weight was imposed. In the period corresponding to the 5th and 6th weeks, the load was increased to 60% of the animal's body weight. In the seventh week, the load was adjusted to 70% of the animal's body weight, and kept at this level until the end of the training protocol (8 weeks). The load was adjusted weekly according to variations in body mass. The training started concomitantly with the high-fat diet, as of PND 60.
| Sperm number and daily sperm production per testis
The right testis was weighed and homogenized, as described previously by Robb et al, 17 according to adaptations described by Siervo et al. 18 After dilution of the homogenized material, a small sample was transferred to a Neubauer chamber (4 fields per animal) to count the resistant spermatids (stage 19 of spermatogenesis) in the testis. In calculating the DSP, the concentration of spermatids per testis was divided by 6.1, which is the number of days in which mature spermatids are present in the seminiferous epithelium.
| Histology
The left testis was removed and fixed in methacarn (60% methanol, 30% chloroform and 10% glacial acetic acid), and the material was immersed in baths (30 minutes each) of alcohol (95% and absolute), xylene (1 hour) and Paraplast â . The last xylene and Paraplast â bath was carried out in an oven at 65°C, after which the material was sectioned (5 lm). These sections were stained with haematoxylin and eosin (HE).
| Histopathological analysis
One hundred random testicular cross sections per animal were observed, using an Opton microscope (1009 and 
| Immunodetection of androgen receptor
The testicular cross sections were placed on silanized slides, deparaffinized in xylene and rehydrated in an alcohol series. The slides were submitted to antigenic recovery by incubation in a pressure cooker for 30 minutes with citrate buffer (0.01 mol/L, pH 6.0). Then, the material was incubated with 3% hydrogen peroxide (H 2 O 2 ) to block endogenous peroxidase at room temperature. The primary polyclonal rabbit AR-N20 antibody for AR (SC-816; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was diluted in 1% BSA (1:100) and applied overnight (4°C). The secondary antibody (Novolink Polymer Detection Systems) was applied for 40 minutes at room temperature. The peroxidase activity was detected using a mixture of diaminobenzidine chromogen (Novolink Polymer Detection Systems). The cross sections were contrasted with haematoxylin, and the photomicrography was observed by a Leica DM4500 B microscope equipped with a DFC 300FX camera and analysed by BELVIEW software (version 6.2.3.0 for Windows). The protocol was corroborated by F avaro & Cagnon. 21 One hundred random tubular sections per animal were classified according to both unmarked and marked tubules.
The marked tubules were classified according to spermatogenic kinetics (I-VI, VII-VIII, IX-XIII and XIV).
| Sperm morphology
The contents of the vas deferens were removed by internal rinsing with 1.0 mL of 10% formal saline. Smears on the histological slides were prepared from this solution and observed under a photomicroscope (Opton) at 4009 magnification. Two hundred spermatozoa were analysed per animal. Morphological analysis was classified into three general categories: normal morphology, head abnormalities (either a head without characteristic curvature or an isolated form, ie no tail attached) and tail abnormalities (broken, rolled into a spiral and isolated, ie no head attached). This analysis was performed as described by Fernandes et al. 22 
| Statistics
An analysis of variance (ANOVA) (parametric assay) was applied, followed by the Tukey-Kramer post hoc test, or the Kruskal-Wallis test (nonparametric assay), followed by the Dunn post hoc test, according to data distribution. Differences were considered significant when P < .05. The statistical analyses were performed by GRAPHPAD INSTAT (version 3.01).
| RESULTS
| Body weight and organ weight
Obese rats without physical exercise (Group O) showed an increase in body, liver and epididymal adipose tissue (absolute and relative) weight and naso-anal length compared with Group C (Table 1) . Nevertheless, these weight parameters remained similar in obese animals exposed to physical exercise (Group OE) compared to Groups C and O. The absolute testis weight was similar among the experimental groups.
| Spermatogenic kinetics, sperm count and sperm morphology
In state IX-XIII, the number of tubules increased in Group OE compared with Group C (P = .01). In other stages (I-VI, VII-VIII and XIV), the groups were statistically similar (P > .05). The result is shown in Table 2 .
DSP and the number and concentration of spermatids in the testis were lower in Groups E and OE (Table 2) than in Group C, and lower in Group O than in Group E, whereas Groups O and OE were similar to each other.
Groups E, O and OE showed a diminished rate of normal sperm in comparison with Group C; consequently, the abnormal sperm rate was greater in these groups ( Table 2 ). The most frequent abnormality was a head without curvature (P < .0001).
| Histopathological analysis and testicular morphometry
The histopathological analysis demonstrated that the percentage of normal seminiferous tubules (C = 96.00 AE 2.91; E = 87.00 AE 6.51; O = 82.25 AE 9.67; OE = 81.40 AE 13.25-mean AE SD) and abnormal seminiferous tubules (C = 4.00 AE 2.91; E = 13.00 AE 6.51; O = 17.75 AE 9.67; OE = 18.60 AE 13.25-mean AE SD) was not statistically different among the groups (P > .05). Likewise, the height of the germinal epithelium (C = 87.75 AE 12.11; E = 81.19 AE 12.26; O = 82.51 AE 8.16; OE = 84.12 AE 11.16-mean AE SD; lm) and the diameter of the seminiferous tubules (C = 289.30 AE 32.97; E = 280.37 AE 31.47; O = 273.59 AE 24.98; OE = 283.17 AE 33.06 -mean AE SD; lm) in stage IX of spermatogenesis were statistically similar among the groups (P > .05).
| Immunodetection of androgen receptor
The number of seminiferous tubules with immunodetectable AR ( (Figure 2A,B) . Moreover, the number of marked tubules in stage VII-VIII (C = 27.75 AE 1.78; E = 36.25 AE 2.77; O = 38.00 AE 4.12; OE = 38.40 AE 3.20-mean AE SD) was greater in Groups E, O and OE, as shown in Figure 2C ,D. However, stage IX-XIII had no marking ( Figure 2E) ; this becomes even clearer in Figure 2F , where all three stages can be seen comparatively. 
| DISCUSSION
The results of the present study show that obesity induced by a high-fat diet (HFD) causes damage to testicular functionality, as well as systemic disorders. However, when HFD was associated with resistive physical exercise, no improvement was observed in the sperm parameters; but more damage to testicular function was observed. Furthermore, the isolated effects of resistive training also caused reproductive damage, indicated by lower sperm concentration and normal sperm morphology, despite an increase in the tubules immunolabelled for AR. Our results for body weight, fat and liver weights and naso-anal length show that a HFD was effective in inducing experimental obesity in relation to other groups. Studies have shown that induction of obesity by a HFD in 5-weekold male Sprague-Dawley 23 or Wistar rats, at 5-6 weeks of age 9 or at 5 months of age, 24 caused an increase in body mass in the animals. The literature reports that some ways of inducing obesity in rats, such as neonatal monosodium glutamate injection 8 and HFD, 9, 25 can be confirmed by observing the animals' weight and naso-anal length. The present study also showed that obesity significantly increases the amount of peri-epididymal fat and that applying resistive exercise can partially normalize fat levels. Speretta et al, 26 using male Wistar rats (PND 90) that were induced to obesity with a HFD and that trained with resistance exercises 3 times a week for 8 weeks, observed that both obese and exercising animals had greater body mass during treatment, compared with the control. Moreover, at the end of the treatment, a decrease in weight was observed in the trained obese animals, compared with the sedentary obese group. This study also shows that the mean area of the adipocytes in the adipose tissue of the peri-epididymal, retroperitoneal and visceral region was greater in obese rats, compared with the control. The increased liver mass evidenced in the present study may also be an indication that there was fat build-up in the tissue in the sedentary obese rats. It is important to emphasize that physical exercise either alone or in association did not change these parameters.
As reported by Alhashem et al, 25 sedentary obese male Wistar rats (8 weeks old) showed a greater percentage of abnormal spermatozoa and lower DSP after HFD consumption, compared with the control group, especially abnormalities of isolated tail, isolated head and coiled tail. The trained obese group showed no significant difference in the sperm parameters after training resistance exercises (swimming, 30 minutes/day for 12 weeks), compared with the control, indicating that aerobic exercise was able to reverse the sperm damages caused by obesity, but did not act alone in affecting the evaluated parameters. However, in the present study, the practice of squat-jump resistive exercises, considered separately or combined with obesity, was detrimental to sperm parameters. We can observe that different types of training (aerobic and anaerobic), acting concomitantly with HFD, affect the spermatic parameters differently. However, the mechanisms that explain how resistance exercise impairs sperm parameters have not yet been clarified. Previous studies using experimental obesity induced by a HFD in male Sprague-Dawley 23, 27 and Wistar rats 9, 28 showed great spermatic damage to the testis, such as more damage to DNA structure in obese animals than a nonobese condition, 27 Sertoli cell atrophy and rupture of the junctions between the adhesion cells of the seminiferous epithelium, 23 and a decrease in normal spermatozoa concentration. 28 The last study also found no significant changes in cell count in the seminiferous tubule epithelium, or in the testicular histology or morphology of the obese group, corroborating the present study. According to Vendramini et al, 29 Zucker pubertal and adult rats (PND 64 and PND 100 respectively) showed changes in testicular histopathology, such as loss of germ cells and intraepithelial vacuolization, and the absolute number of spermatids and the testicular DSP were reduced in obese pubertal rats. These changes occurred more frequently in seminiferous tubules in the spermatic differentiation stage of the spermatogenic cycle (stage X-XII). In this context, the present study observed that HFD-induced obesity and trained animals did not alter testicular morphology. Nevertheless, when observing the end of the spermatogenic process, we can infer that sperm alteration did in fact occur. In addition, the reduction in sperm count and the increase in the number of seminiferous tubules in the postsperm stage (stage IX-XIII), caused by the association of HFD with resistive exercise, may indicate a delay in the spermatogenic cycle. The action of androgen hormones in spermatogenesis is potentiated when this hormone binds with the AR present in Sertoli cells, as germ cells have little AR expression. 30, 31 This receptor expression varies according to the spermatogenic stage of the seminiferous tubule, considering that it appears more intense in the spermiation stage. 32, 33 El-Meseeh et al 34 evaluated the immunodetection of AR in the testis of adult Sprague-Dawley rats (PND 90) and found that there was positive reactivity in all spermatogenic and Sertoli cells, but smooth labelling in Leydig cells. Thus, the authors concluded that cell immunoreactivity to AR is specific to the respective stages of spermatogenesis. In this respect, the present study agrees with some authors in the literature 33, 34 ; however, the increase in labelled tubules for AR was stage-dependent on spermatogenesis, because only the most anterior tubules and the tubules during spermiation had marked receptors in both trained and obese rats. These results may be associated with the reduction in morphologically normal spermatozoa in the trained and obese groups, inferring an alteration in the spermiogenesis process due to the greater number of tubules immunolabelled for AR. Under the experimental conditions applied in this study, we can conclude that obesity and resistive training, considered separately or combined, impair testicular morphophysiology and that these alterations may be specific or common to both obesity and training. Our study shows, for the first time, that resistive weightlifting physical training is ideal for improving the systemic parameters of an obese body, but not for the testicular tissue of obese or non-obese individuals; thus, this exercise has also been shown to be more detrimental to testicular functionality.
